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Background  and  objectives:  We  provide  a  case  analysis  for  a  28-year-old,  native  Dutch-speaking
lady who  developed  Foreign  Accent  Syndrome  (FAS),  a  few  weeks  after  falling  down  the
staircase. In  addition  to  FAS,  which  gave  the  impression  she  spoke  with  a  German  accent,
German(-like)  words  and  structures  occurred.  Speech  symptoms  were  aggravated  by  increased
stress, fatigue  or  emotional  pressure,  and  this  triggered  jargon  speech.  It  was  hypothesized  her
FAS and  jargon  developed  on  a  functional  basis.
Methods:  In-depth  analyses  of  the  patient’s  medical  background,  neuropsychological  and  neu-
rolinguistic  tests  and  psychodiagnostic  exams  were  done.  The  patient  participated  in  an  fMRIAccent;
Functional  disorder;
Conversion  disorder
experiment.  In  a  syllable  repetition  paradigm,  motor  speech  activations  were  compared  to
those of  healthy  individuals,  to  see  whether  they  were  altered,  which  would  be  expected  in
case of  a  neurological  etiology.∗ Corresponding author at: Center for Clinical and Experimental Neurolinguistics, Centre for Linguistics (CLIN), Vrije Universiteit Brussel,
leinlaan 2, 1050 Brussels, Belgium.
E-mail address: stefanie.keulen@vub.be (S. Keulen).
ttps://doi.org/10.1016/j.ejpsy.2020.08.002
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.L.U. All rights reserved.
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Results:  Medical  history  disclosed  prior  traumatic  experiences  for  which  she  sought  help,  but  no
neurological  incidents.  Repeated  neuropsychological  and  neurolinguistic  tests  showed  deficits
in recent  memory  and  executive  functioning.  The  patient  demonstrated  great  difficulties  with
picture naming.  Clinically,  language  switching  and  mixing  as  well  as  recurring  jargon  speech
was found.  Formal  psychodiagnostic  tests  did  not  identify  a  clear  disorder,  but  psychodiagnostic
interviews  were  consistent  with  a  DSM-5  conversion  disorder.  The  fMRI  study  demonstrated  that
speech network  activations  corresponded  to  those  found  in  healthy  participants.
Conclusion:  The  clinical  neurolinguistic  characteristics,  outcome  of  the  fMRI  experiment,
together with  the  clinical  psychodiagnostic  findings  were  strongly  indicative  for  an  underly-
ing functional  etiology  for  the  FAS  and  jargon  speech,  presenting  as  symptoms  of  conversion
disorder.
© 2020  Asociación  Universitaria  de  Zaragoza  para  el  Progreso  de  la  Psiquiatŕıa  y  la  Salud  Mental.






































Healthy  polyglot  individuals  automatically  use  the  cor-
rect  language  depending  on  the  communicative/pragmatic
context.  Language  or  code  mixing  (e.g.  within  utterance
mixing  of  different  languages)  and  switching  (i.e.  between
languages  or  codes  in  alternating  utterances)  can  occur  nat-
urally  when  speakers  are  in  the  process  of  acquiring  a  new
language,  such  as  in  young  bilingual  or  polyglot  children,1,2
but  also  in  adolescent  and  adult  language  learners,  in  the
course  of  the  acquisition  process,  as  mentioned  by  Duran.3
In  all  these  cases,  language  mixing  and  switching  can  be  con-
sequence  of  failed  neural  suppression  of  the  language  that
was  not  targeted.  In  terms  of  choice  for  one  or  the  other
language  in  bilinguals,  Abutalebi  and  Green4 use  the  term
"lexical  competition"  to  refer  to  an  ongoing  ‘‘competition’’
between  the  L1  and  L2,  and  the  related  control  pheno-
mena  that  are  decisive  in  the  selection  process.  They  (see
also  Abutalebi  and  Perani5),  as  well  as  Hernandez6 men-
tion  that  the  efficiency  of  inhibition  mechanisms  depends
on  several  factors  including  the  degree  of  proficiency,  age  of
acquisition  and  computational  load  of  the  languages.  They
are  hypothesized  to  influence  the  strength  of  the  induced
plastic  changes  in  the  neural  networks  in  the  brain  sub-
serving  for  instance  cognitive  control  mechanisms,  including
language  inhibition.  Failed  inhibition  in  language  learners
will  not  be  interpreted  as  "pathological":  the  errors  can
be  explained  within  the  dynamic  framework  of  the  above-
mentioned  parameters.
Pathological  language  mixing  and  switching  typically
refers  to  the  process  of  blended  language  use  in  bilingual  or
polyglot  aphasic  patients.7--9 Some  researchers  have  argued
that  the  basal  ganglia  play  a  crucial  role  in  both  language
switching  and  mixing,8,10 whereas  others  have  argued  that
switching  is  mainly  subserved  by  frontal  circuits11,12 and  mix-
ing  by  the  temporo-parietal  lobe.11
Although  typically  described  in  the  context  of  apha-
sia  (e.g.  Mariën  et  al. 8),  pathological  language  mixing
and  switching  has  been  observed  in  a  handful  of  cases
with  Foreign  Accent  Syndrome  (FAS).  One  example  is  a
51-year-old  woman  with  conversion  disorder  described  by
Verhoeven  et  al.13 who  switched  between  Dutch  and  French




f  her  native  tongue  were  all  influenced  by  French.  For
nstance,  word  order  was  French  instead  of  Dutch.  The
ase  described  by  Reeves  and  Norton14 (see  also  Reeves
t  al.15) suffered  schizophrenia,  and  the  patient  switched
rom  American  English  to  a  distinguished,  formal  register  in
ritish  English  whenever  exacerbations  were  uncontrolled
ue  to  withdrawal  from  medication.  In  these  cases,  patho-
ogical  language  mixing  and  switching  occurred  within  the
ontext  of  an  underlying  psychiatric  disorder.  Neverthe-
ess,  these  patients  remained  intelligible.  So  far,  there
as  only  been  one  report,  by  Gurnani  and  Horwitz,16 of  a
ase  in  which  a  39-year-old  woman  produced  ‘‘non-sensical
peech’’  in  the  context  of  a  FAS  (the  acquired  accent  was
ualified  as  ‘‘Ukrainian’’,  although  the  mother  tongue  was
ot  reported).
Jargon  speech  is  usually  associated  with  acquired  apha-
ia  (e.g.  Hillis  et  al.17 and  Rohrer  et  al.18 state  jargon  can  in
hat  case  be  semantic  (language  devoid  of  content),  phone-
ic  (production  of  words  phonemically  related  to  the  target)
r  neologistic  in  nature  (words  and  nonwords,  semantically
nd  phonemically  not  related  to  the  target  word).  In  these
ases,  the  jargon  aphasia  has  been  suggested  to  be  caused
y  a  resource  limitation  deficit,  a  comprehension  deficit,  a
eedback  or  production  deficit,  or  a verbal  monitoring  deficit
epending  on  the  specific  case  presentation.19 In  contrast
o  "schizophasia" or  the  "meaningless  mixture  of  words  and
hrases  characteristic  of  advanced  schizophrenia"20, p. 201
hat  can  wax  and  wane,  patients  suffering  from  jargon  apha-
ia  retain  persistent  expressive  problems.18 The  language
isorder  does  not  fluctuate  and  the  neurological  symptoms
ill  demonstrate  a  more  linear  resolution  in  case  of  remis-
ion.
Here  we  present  a  detailed  work-up  of  28-year-old
emale  patient  who  presented  with  a  sudden  change  of
ccent,  which  from  time-to-time  evolved  to  an  unintelligible
honological  jargon,  in  the  absence  of  structural  neurologi-
al  damage.
ase studyedical  history
he  patient  is  a  28-year-old,  monolingual  female  native


















































































































utch-speaking  parents  and  an  educational  level  of  13  years.
t  school,  she  studied  English  for  five  years,  received  one
ear  of  French  and  two  years  of  German  language  instruc-
ion.  She  worked  as  an  ancillary  nurse  in  a  hospital.  Her
edical  antecedents  consisted  of  asthma  and  migraine.
here  was  no  indication  of  alcohol  or  drug  abuse.  She  had
reviously  experienced  two  miscarriages  and  was  in  the  16th
eek  of  her  first  pregnancy  when  she  developed  FAS  a  few
eeks  after  falling  down  a  staircase  (June  2013).  The  fall
id  not  impact  the  health  of  her  child.  Her  proxies  perceived
er  as  a  non-native  speaker  of  Dutch,  initially  with  a  Turkish
r  Moroccan  accent,  later  Belgian  Dutch,  the  Dutch  variant
poken  in  the  northern  part  of  Belgium.
Clinical  neurological  examination,  laboratory  tests  and
euroradiological  (MRI)  investigations  carried  out  after  the
all  were  normal.  A  series  of  psychosocial  stress  factors
ere  noted:  the  patient  mentioned  persistent  emotional
ifficulties  as  a  child  after  the  death  of  her  mother  from
 brain  hemorrhage.  She  admitted  to  have  suffered  from
his  early  loss  for  which  she  had  been  treated  by  a  medical
sychologist  for  a  suspected  post-traumatic  stress  disorder
fter  her  mother’s  death  but  could  not  remember  the  dura-
ion.
The  patient  consulted  the  hospital  in  November  2014,
ome  six  months  after  the  fall,  and  complained  about
eadaches,  tension,  stress,  disoriented  thoughts  and  behav-
or  as  well  as  attention  difficulties.  She  mentioned  that  her
ccent  was  often  perceived  as  Belgian  Dutch,  French  or
erman.  Occasionally,  language  mixing  occurred  (German),
specially  when  she  was  stressed  and  she  ‘‘could  not  cope
ith  the  large  number  of  external  stimuli’’.  The  impact  of
tressors  was  very  clear  during  the  intake  interview.  When
peech-language  therapists  entered  the  consultation  room
o  attend  the  session,  the  patient’s  speech  deteriorated  sig-
ificantly  and  FAS  symptoms  aggravated.  She  developed  a
elgian  Dutch  accent,  then  started  to  mix  German  and  Dutch
ords  and  expressions,  e.g.  ‘‘Danke,  danke  sehr, dokter’’
‘‘Thanks,  many  thanks,  doctor’’).
She  claimed  that  she  had  had  no  regular  contact  with
peakers  of  Belgian  Dutch.  However,  her  sister-in-law  was
erman.  Following  the  accent  change,  she  developed  loose
houghts  and  visual  hallucinations  which  lasted  for  an
nspecified  number  of  weeks.  She  mentioned  that  she  had
lso  suffered  from  severely  disoriented  behavior  which  arose
or  the  first  time  approximately  two  weeks  after  the  fall.
his  distraught  behavior  continued  throughout  her  preg-
ancy,  and  according  to  the  patient,  it  was  the  result  of
ncreased  stress  and  severe  anxiety  which  she  related  to
he  death  of  her  mother  at  a  young  age.  The  patient’s
usband  volunteered  the  same  information  in  a  separate
nterview.  These  behaviors  were  highly  egodystonic  and
rovoked  a  fear  of  insanity,  also  referred  to  in  the  liter-
ture  as  ‘‘phrenophobia’’ 21.  The  patient  mentioned  that
he  had  not  benefitted  from  previous  psychological  ther-
py  and  that  she  had  never  received  medication  to  cope
ith  her  symptoms.  At  the  time  the  patient  visited  the
eurology  department  she  was  implicated  in  a  disability  lit-
gation.After  the  development  of  the  current  symptoms,  she
ried  to  continue  her  work  but  she  could  not  concen-
rate  long  enough  to  stay  in  the  profession.  At  the  time
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ears  old)  and  managed  the  household.  She  mentioned
hat  she  was  easily  over-aroused  physically.  During  a  last
ontact  with  the  patient  in  April  2020,  she  mentioned  that
ognitive-behavioral  therapy  (CBT),  acceptance  and  com-
itment  therapy  helped  her,  though  not  to  such  extent
hat  she  had  no  more  episodes  of  accent  change  or  jar-
on,  or  that  episodes  were  reduced  in  duration.  However,
he  felt  she  was  more  in  control  of  her  life  by  hav-
ng  learnt  to  set  and  communicate  her  boundaries.  The
atient  mentioned  she  now  avoided  crowded  places,  and
hat  the  stress  she  experienced  put  pressure  on  her  rela-
ionship.
europsychological  investigations
verall,  mnestic  capacities  tested  via  the  WMS-R  remained
table  over  approximately  1,5  years,  with  relatively  intact
ttention,  and  visual  and  verbal  memory.  Recent  memory
roved  affected  over  three  testing  sessions.  This  was  con-
rmed  via  testing  on  the  R-BANS  which  showed  severely
mpaired  functioning.  The  patient  scored  remarkably  worse
n  the  TMT  A  &  B  and  Stroop  tasks  (cards  1--3)  during
er  fourth  and  last  repeat  neuropsychological  investigation:
hereas  initially  scores  were  largely  within  an  acceptable
ange  (except  for  Stroop  card  2)  in  2014,  this  was  no  longer
he  case  in  2016.  Scores  on  the  d2-test,31 a  measure  of
isual  attention,  concentration  and  inhibition,  were  (bor-
erline)  moderate  in  2014.  In  terms  of  language  assessment,
isual  naming  (BNT)  was  severely  impaired  over  three  test
essions,  with  a  very  remarkable  regression  during  the  test
ession  of  April  2016,  where  she  obtained  only  28/60  (−6.7
D).  Errors  (predominantly)  consisted  of  neologistic  (e.g.
‘escalator’’  was  referred  to  as  ‘‘wheel  chair  staircase’’),
emantic  (e.g.  ‘‘lion’’  instead  of  ‘‘sphinx’’)  and  visual  (e.g.
‘branch’’  instead  of  ‘‘asparagus’’)  mistakes.  The  CAT-NL
evealed  a  weak  performance  on  the  oral  picture  descrip-
ion:  grammar  and  syntax  were  severely  impaired.  During
er  last  testing  session,  issues  were  hence  very  specifically
ituated  in  the  area  of  recent  memory,  attention,  executive
unctioning,  and  naming  and  narrative  skills  (see  Table  1  for
esults).
sychodiagnostic  examinations
n  December  2014,  the  patient  underwent  a  psychodiagnos-
ic  assessment  in  the  neurolinguistics  and  neuropsychology
epartment  of  the  hospital  where  she  was  initially  seen
s  a part  of  the  work-up.  The  tests  consisted  of  the
innesota  Multiphasic  Personality  Inventory-2  (MMPI-232),
EO-FFI  (Neuroticism,  Extraversion,  Openness  ----  Five  Factor
nventory33),  the  Defense  Style  Questionnaire-60  (DSQ34),
he  Supernormality  Scale  (SS35),  the  Beck  Depression
nventory-II  (BDI36),  the  Depressive  Experience  Question-
aire  (DEQ37),  the  List  of  Indeterminate  Psychopathology
LIPP38),  Rotter  Incomplete  Sentence  Blanks  (RISB39),  as  well
s  an  exhaustive  psychological  examination  (both  individu-
lly  and  conjointly  with  her  husband).Her  overall  personality  profile  (MMPI,  DSQ,  DEQ)  revealed
 sensitive,  people-pleasing,  dependent  personality  with-
ut  any  indications  for  a  psychotic  structure  or  symptoms.
n  the  contrary,  there  were  more  indications  for  a  stable
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Table  1  Overview  of  the  neuropsychological  test  results  of  the  patient  at  four  instances.
Neurocognitive  tests  03/11/2014
(raw  score  or
SS)  SD  or  Pc
05/06/2015
(raw  score  or
SS)  SD  or  Pc
24/4/2016
(raw  score  or
SS)  SD  or  Pc
06/05/2016
(raw  score  or




Verbal  comprehension  (83)  −1.13  SD  100  (±15)
Perceptual  reasoning  (85)  −1  SD  100  (±15)
Working memory  (92)  −0.53  SD  22  100  (±15)
Processing  speed  (84)  −1.07  SD  76  100  (±15)
Total IQ (81)  −1.27  SD 100  (±15)
Memory
WMS-R
Attention  (94)  −0.4  SD  (87)  −0.9  SD  (95)  −0.3  SD  100  (±15)
Visual memory  (84)  −1.1  SD  (104)+0.3  SD  (109)  +0.6  SD  100  (±15)
Verbal memory  (96)  −0.3  SD  (76)  −1.6  SD  (87)  −0.9  SD  100  (±15)
General memory  (91)  −0.6  SD  (82)  −1.2  SD  (92)  −0.5  SD  100  (±15)
Recent memory  (70)  −2.0  SD  (76)  −1.6  SD  (76)  −1.6  SD  100  (±15)
RBANS
Immediate  memory  (83)  −1.1  SD  (83)  −1.1  SD  100  (±15)
Recent memory  (56)  −2.9  SD  (52)  −3.2  SD  100  (±15)
RAVLT
Total learning  score  (30)  pc  1
Recall (2)  pc  2
Recognition (22/30)
TOMM (memory  malingering)  48/50
Executive functioning  and  attention
TMT A  (29′′)  pc  70  (36′′)  pc  14
TMT B  (42′′)  pc  >90  (67′′)  pc  46
Stroop test:  Card  1  (48′′)  pc  40  (66′′)  pc  1
Stroop test:  Card  2  (55′′)  pc  60  (79′′)  pc  1
Stroop test:  Card  3 (80′′)  pc  70  (107′′)  pc  58
d2-test
Tn (393)  −1.2  SD  (546)  +0.8  SD
Tn-E (371)  −1.3  SD (519)  −0.79  SD
CP (146)  −1.5  SD (211)  +0.05  SD
WCST (6)  +0.38  SD 5.58  (±1.1)
RBANS (97)  −0.2  SD (88)  -0.8  SD 100  (±15)
Verbal fluency (70)  −2.0  SD 60.2  (±21.28)
Language
BNT (41/60)  --3.19  SD  (44/60)  −2.4  SD  (28/60)  −6.7  SD  52.8  (±3.7)
RBANS (108)  +0.5  SD  (101)  +0.1  SD  100  (±15)
Visuospatial  skills
RBANS  (100)  ±0.0  SD  (96)  −0.3  SD  100  (±15)
Language
Aachener Aphasia  Test  (Dutch)
Comprehension
Auditory  -  Words  (24/30)
Auditory  -  Sentences  (28/30)
Reading  -  Words  (21/30)
Reading  -  Sentences  (29/30)
Token Test  (36/36)
Legend: BNT = Boston Naming Test22; CAT-NL = Comprehensive Aphasia Test-NL23; Pc.= percentile; RBANS = Repeated Battery for the
Assessment of Neuropsychological Status24; RAVLT = Rey Auditory Verbal Learning Test25; SD = standard deviation; SS = Scaled Score,
TMT = Trail Making Test26; TOMM = Test of Memory Malingering27; WAIS-IV-NL = Wechsler Adult Intelligence Scale IV, Dutch version28;
WCST = Wisconsin Card Sorting Test29; WMS-R = Wechsler Memory Scale Revised30.
50  
Figure  1  Functional  Magnetic  Resonance  Image  (fMRI).  Sig-
nificant  activation  sites  when  LC  >  visual  baseline.  Significant
clusters  at  uncorrected  p  <  0.001  and  #voxels  >  10.  All  clusters

















































































In  terms  of  the  vowels,  there  are  two  relevant  obser- <  0.05  are  shown.  Activation  sites  can  further  be  consulted
n Table  2.
eurotic  personality  organization.40 The  test  results  could
ot  account  for  the  psychotic  behavior  that  had  been  noted
n  past.  Malingering  tests  (the  SS,  LIPP  and  MMPI-2  validity
ndices)  revealed  a  slight  tendency  for  a  naive  positive  self-
resentation,  but  without  significant  effects  on  test  results.
he  BDI-2,  DSQ-60  and  DEQ  were  presented  twice  (with  a
-week  interval)  to  check  for  consistency  in  response  pat-
erns.
Individuals  with  similar  profiles  (Within  Normal  Limit,
r  ‘‘WNL’’-profile  with  a  3−6--0  pattern)  are  described  as
ormal  individuals,  experiencing  ‘‘transient  situational  dis-
ress’’.41 Their  mood  is  described  as  stable  and  happy  (as
eflected  in  a  BDI-2  total  score  of  3  out  63).  The  patient
id  no  longer  mention  any  cognitive  issues  herself,  although
hese  were  formally  identified  in  neurocognitive  testing.
lthough  these  code-types  are  associated  with  reported
ransient  psychotic  symptoms,  it  remains  unclear  whether
er  low  scores  warrant  this  association.  The  profiles  did  not
uggest  a  strong  potential  for  somatization  or  for  a  conver-
ion  disorder.  Nevertheless,  clear  indications  were  found  for
 dependent  personality.  Through  analysis  of  quantitative
ests  results,  projective  tests  (RISB)  and  the  clinical  exam-
nation,  the  neurotic  personality  organization  proved  to  be
rguably  immature.
It  is  important  to  mention  that  the  test  results  did  not
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owever,  was  more  informative.  During  the  first  interview,
he  accent  was  subtle,  only  slightly  noticeable  when  tech-
ical  or  peripheral  topics  were  discussed,  but  when  the
onversation  touched  upon  affective  topics,  her  accent  and
er  speech  distorted  rapidly.  It  changed  back  to  normal
hen  less  emotional  issues  were  discussed.  During  the  inter-
iews,  she  was  pleasant,  polite  and  very  open.  Although  she
id  not  recognize  any  psychopathology,  suffering  or  men-
al  pain  at  first,  she  (through  a  discussion  with  her  partner)
ecognized  her  tendency  to  occult,  repress  and  split  affec-
ive  experience  roughly,  and  nearly  dissociate  when  negative
eelings  became  too  threatening.  She  appeared  interested
n  the  assessment  and  remained  hopeful  about  its  results.
hen  the  feedback  was  provided  (the  same  day)  her  for-
ign  accent  returned  almost  immediately.  By  changing  the
opic  of  the  conversation  and  the  number  of  individuals
resent  during  the  conversation  (her  partner,  staff)  ----  and
ence  varying  the  emotional  pressure,  cognitive  load  and
atigue  ----  quantitative  distortions  in  her  accent  could  be
riggered  quite  easily  until  a  jargon-like  speech  remained.
t  took  significantly  longer  for  the  accent  to  disappear
gain.
In  2015,  the  patient  was  examined  again.  The  psychiatric
valuation  yielded  no  signs  of  a  depressive  disorder,  anxiety
isorder  or  obsessive-compulsive  disorder,  and  no  symptoms
f  a  post-traumatic  disorder  or  dissociative  disorder  were
ound.  Additional  information  revealed  a  very  strained  rela-
ionship  with  her  stepmother  following  the  death  of  her
other.  Psychosomatically,  a change  of  accent  was  very
oticeable:  it  ranged  from  Belgian  Dutch  to  (flawed)  Ger-
an.  This  accent  changed  as  a result  of  increased  fatigue.
herefore,  a  diagnosis  of  FAS  seemed  appropriate  at  the  time
f  psychiatric  evaluation.  Presentation  was  consistent  with  a
SM-542 classification  of  ‘‘conversion  disorder’’  with  speech
ymptoms.
honetic  description  of  speech
e  recorded  two  spontaneous  speech  samples:  one  with
ccented  spontaneous  speech  and  one  with  (phonological)
argon.  There  are  various  aspects  of  the  patient’s  speech
hich  could  account  for  the  perception  of  a  German  accent.
s  far  as  the  fricatives  are  concerned,  the  patient  some-
imes  articulated  the  Dutch  alveolar  fricatives  (/s/  and  /z/)
s  postalveolar  /ʃ/  (eg.  [zwarə] ‘‘heavy’’  is  pronounced
s  [ʃwa:rə], [slapə] ‘‘to  sleep’’  is  pronounced  as  [ʃla:pə]).
he  occurrence  of  the  voiceless  postalveolar  fricative  as
he  first  element  in  word-initial  consonant  clusters  (e.g.
ʃwa:rə])  and  in  word-final  position  (e.g.  [ɑləʃ])  is  a  fea-
ure  of  German,  not  Dutch.  Another  factor  contributing  to
he  perception  of  a  German  accent  is  the  devoicing  of  the
abiodental  fricative  /v/  to  /f/  (e.g.  [fjl],  ‘‘much’’),  the
lveolar  fricative  /z/  to  /s/  (e.g.  [sjnə],  ‘‘his’’)  and  the
elar  fricative  /γ/  to  /x/  (e.g.  [xəvɑlə],  ‘‘to  fall  past  partici-
le’’).  Although  the  devoicing  of  fricatives  is  very  common  in
elgian  Dutch43 this  feature  is  consistent  with  the  perception
f  a  German  foreign  accent.ations.  First,  the  patient  often  adds  sjwa  to  the  end  of
ords  and  this  may  change  the  Dutch  word  into  a  German
ord  (e.g.  Dutch  [zɔn]  becomes  German  [zɔnə],  ‘‘sun’’).
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Table  2  Overview  of  activation  sites  in  the  speech  network  in  the  investigated  patient  during  a  syllable-repetition  task.
Activation sites  represent  LC  >  visual  baseline.  Significant  clusters  at  uncorrected  p  <  0.001  and  #voxels  >  10.  All  clusters  with
FWE-corrected  p  >  0.05  and  a  peak  with  FWE-corrected  p  <  0.05  are  listed.
Cluster  Peak  MNI  coordinates  {mm}  Area
p  (FWE-corr)  #Voxels  p  (FWE-corr)  Z  x  y  z
0.000 312  0.000  Inf  −42  −18  39  L  postcentral
0.000 7.50  −60  −6  18
0.011 5.11  −48  −9  30
0.000 273  0.000  7.09  45  −9  36  R  BA6
0.000  6.93  42  −12  39
0.000 6.53  60  3  21  R  BA44
0.001  5.51  51  −3 42  R  BA6
0.003  5.35  54  −6 30
0.014 5.06  63  0  9  R  rolandic  operculum
0.000 318  0.000  6.51  −39  −42  −45  L  CB  VIII
0.000 6.16  −27  −60  −24  L  CB  VI
0.001 5.58  −21  −69  −24
0.003 5.33  −51  −57  −33  L  Crus  I
0.004 5.31  −48  −66  −30
0.005 5.25  −30  −60  −45
0.014 5.07  −18  −63  −21
0.015 5.05  −45  −66  −42  L  Crus  II
0.019 5.00  −42  −54  −30
0.027 4.94  −42  −66  −51
0.033 4.90  −42  −63  −39
0.033 4.90  −33  −63  −42
0.000 137  0.000  6.11  −57  −42  21  L  STG/IPL
0.000 5.71  −57  −27  21  L  supramarginal  gyrus
0.003 5.34  −57  −45  3  L  MTG
0.002 32  0.000  6.11  −12  27  3  Corpus  callosum
0.001 36  0.001  5.56  15  42  −18  R  orbital  SFG
0.000 55  0.004  5.29  −18  60  −9  BA11
0.000 59  0.010  5.13  0  45  −18  L  rectus
0.037 4.88  −3  54  −24
0.008 23  0.015  5.05  −6  −3  63  L  SMA
0.007 24  0.019  5.01  −30  27  3  L  insula
0.016 19  0.024  4.96  −3  −39  −51  L  brainstem
0.016 19  0.029  4.92  9  9  48  R  SMA
0.007 24  0.030  4.92  −42  −33  −18  L  ITG
Legend: 1LCT corresponds in this case to the repetition of ‘‘pa-ta-ka’’ or ‘‘ta-ta-ta’’ synchronized with a visual stimulus; LCT = long












R = right; L = left; SMC = sensorimotor cortex; IFG = inferior frontal
frontal gyrus; MTG = middle temporal gyrus.
Secondly,  it  should  be  pointed  out  that  the  pronunciation  of
the  diphthong  [I]  has  an  onset  which  is  too  posterior  and  too
open  so  that  it  sounds  like  [ɑI]  (e.g.  [mIn]  becomes  [mɑIn],
‘‘mine’’).  This  no  doubt  also  contributes  to  the  perception
of  a  German  accent.
Functional  MRI
To  study  the  neurological  substrates  of  the  patient’s  speech,
functional  MRI  (fMRI)  was  carried  out.  The  protocol  was
adapted  from  Brendel  et  al.44 and  consisted  of  one  30-
minute  run  during  which  three  conditions  were  presented
in  pseudo-randomized  order:  ‘‘pa-ta-ka’’  (=planning),  ‘‘ta-





s; STG = superior temporal gyrus; CB = cerebellum; MFG = middle
rticulation  (=baseline).  All  three  conditions  consisted  of  a
-second  information  screen  showing  which  task  should  be
erformed  (‘‘pa-ta-ka’’,  ‘‘ta-ta-ta’’,  no  articulation),  a  2-s
reparatory  visual  cue  (black  cross  in  the  center  of  a  white
creen)  and  a 4-second  window  consisting  of  10  flickering
rosses  at  2.5  Hz,  or  a  1.6-second  window  consisting  of  4
ickering  crosses  at  2.5  Hz.  The  patient  was  asked  to  repeat
he  syllables  ‘‘ta-ta-ta’’  or  ‘‘pa-ta-ka’’  synchronously  with
he  flickering  cross.  The  first  flicker  was  the  ‘‘GO’’-signal.
he  stimuli  were  presented  to  the  patient  on  a  screen.
he  patient  received  articulation  training  before  scanning  in
rder  to  minimize  (mandibular)  movement  artefacts.  Stim-














































































































fMRI  analyses  contrasted  the  long  speech  conditions  (3
imes  ‘‘pa-ta-ka’’  and  ‘‘ta-ta-ta’’)  with  the  visual  control
ondition,  analogous  to  the  main  analysis  of  Brendel  et  al.44
see  Annex  I  for  acquisition  specifications  and  analysis).
Results  indicated  no  significant  anomalies  (see  Fig.  1).
able  2  lists  the  most  important  clusters  found  in  our  patient.
ost  of  the  clusters  (in  bold) were  also  found  in  the  healthy
articipants  of  Brendel  et  al.44 The  most  important  clus-
ers  in  the  sensorimotor  cortex  (SMC)  and  the  supplementary
otor  area  (SMA)  were  activated,  together  with  the  left
nsula  and  the  left  superior  temporal  gyrus  (STG).  These
reas  are  principally  involved  in  motor  planning  and  pro-
ramming  as  well  as  motor  preparedness  (esp.  SMA).  Smaller
lusters  in  for  example  the  basal  ganglia  (essential  struc-
ures  mediating  speech  execution,  as  well  as  exerting  a
ontrol  function)  were  not  reproduced,  probably  due  to
tatistical  constraints  in  a  single-patient  fMRI  study.  In  the
erebellum,  only  left-sided  activation  was  found  in  lobule
I,  and  in  Crus  I,  an  area  that  is  more  related  to  motor  pre-
aredness.  In  this  patient,  the  activation  extended  also  to
obule  VIII,  the  second  cerebellar  sensorimotor  area,  and  to
rus  II,  which  is  strongly  associated  to  language  processing.
Apart  from  a  stronger  left-sided  lateralisation  in  the  cere-
ellum,  it  seems  the  speech  activations  appeared  to  be  very
omparable  to  what  was  seen  in  the  subjects  without  speech
nd  language  disorders  who  participated  in  the  study  of
rendel  et  al.  Hence,  this  further  confirmed  the  hypothe-
is  that  this  patient  developed  her  speech  problems  on  a
sychogenic  basis.
iscussion
e  described  a  patient  who  experienced  transient  psy-
hotic  symptoms  after  a  fall  down  the  staircase  and
eveloped  a  FAS.  Repeated  neurological  and  neuroradio-
ogical  investigations  formally  ruled  out  damage  to  the
entral  nervous  system  (CNS).  Moreover,  an  fMRI  experiment
emonstrated  normal  activations  of  the  speech  network
uring  a  syllable  repetition  task.  Stress  could  rapidly  trig-
er  an  accent  change,  language  mixing  and  switching,
nd  speech  could  turn  into  an  incomprehensible  phono-
ogical  jargon.  Neurocognitive  deficits  were  attested  and
emained  quite  stable  over  the  period  of  1,5  years.  How-
ver,  remarkably,  performance  on  the  naming  task  (BNT)
egressed  quite  spectacularly,  and  inexplicably,  during  this
ime.
The  onset  of  FAS  after  a  traumatic  experience  has  been
reviously  reported  in  Verhoeven  et  al.,13 where  the  patient
as  nearly  involved  in  a  car  accident  as  a  cyclist  and  devel-
ped  FAS  after  this  experience.  In  Keulen  et  al.,45 the  patient
as  hit  by  a  car  as  a  pedestrian,  but  did  not  suffer  any  struc-
ural  CNS  damage.  A  few  months  later,  an  abrupt  change  of
ersonality  is  described.  This  led  to  the  patient  being  fired
rom  her  job,  after  which  a  foreign  accent  suddenly  arose.  In
eddy  et  al.,46 the  patient  suddenly  developed  FAS  after  suf-
ering  from  a  (second)  divorce.  Antecedents  of  depression
nd  suicidal  ideation  were  present.anguage  mixing  and  switching
lthough  a  few  FAS  patients  have  been  reported  with  patho-
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o  be  a  relatively  new  element  in  the  clinical  presenta-
ion  of  FAS.  In  2001,  Reeves  and  Norton14 (see  also  Reeves
t  al.15) reported  a  65-year-old  schizophrenic  patient  who
resented  with  FAS  concomitant  with  psychotic  exacerba-
ions  after  withdrawal  from  medication.  The  disordered
peech  in  schizophrenia  was  accounted  for  as  a  disturbance
f  inhibition  mechanisms  in  relation  to  defective  pre-
rontal  neurotransmitter  circuitry  with  associated  executive
ysfunctions.47 This  balance  was  restored  by  administer-
ng  dopaminergic  drugs.  The  clearest  example,  however,  of
anguage  mixing  and  switching  in  the  FAS  literature  is  the
1-year-old  female  Dutch  patient  described  by  Verhoeven
t  al.,13 also  mentioned  above.  Her  Dutch  pronunciation
as  characterized  by  a  French  accent  and  her  language
howed  syntactic  and  morphological  features  of  French.  In
ddition,  she  occasionally  used  French  words  or  expres-
ions.  Importantly,  the  patient  was  a  teacher  of  French  as
 second  language.  This  familiarity  with  the  accent  and  the
exical  and  grammatical  characteristics  of  second  language
earners  clearly  distinguishes  their  patient  from  the  current
ne.
The  (phonological)  jargon  demonstrated  by  current
atient  has  previously  been  associated  with  psychosis  and
sychopathy.48,49 Most  interestingly,  FAS  here  could  be
riggered  by  conscious  manipulation  of  the  subject  of
onversation.  It  is  not  the  first  time  that  a  link  between  con-
ersationally  related  stressors  and  FAS  has  been  attested.
n  Keulen  et  al.50 the  foreign-sounding  accent  of  their
ative  French-speaking  patient  disappeared  when  an  emo-
ional  subject  was  introduced.  Sudden  resolution  related  to
motionally  laden  content  has  previously  been  argued  to
ndicate  psychogenic  etiology.51
tress,  dopamine,  FAS  and  jargon.  .  .
n  order  to  explain  the  fluctuations  in  the  accent  and  the
volution  towards  jargon  speech,  it  seems  essential  to  eval-
ate  what  the  effects  of  (emotional)  stress  on  speech  can  be.
ansen  and  Patil  argue  that  ‘‘[.  .  .] stress  is  a  psychological
tate  that  is  a response  to  a  perceived  threat  or  task  demand
nd  is  normally  accompanied  by  specific  emotions  (e.g.,
ear,  anger,  anxiety,  etc).  These  changes  can  affect  speech
ehavior,  even  against  an  individual’s  will.’’52,  p. 109 How
nd  whether  stress  causes  (significant)  impact  on  physical
nd/or  psychological  health  depends  a  lot  on  an  individ-
al’s  resilience.53 Current  patient  repeatedly  admitted  her
ccent  changed  as  a  result  of  the  presence  of  an  increased
umber  of  stimuli,  which  she  could  not  handle.
Interestingly,  stress  interferes  with  dopamine  regula-
ion:  increased  stress  raises  dopamine  levels  in  the  brain.
opamine  modulates  prefrontal  cortex  inputs  to  the  amyg-
ala,  and  via  the  amygdala,  to  the  hippocampus.  This  is
ne  reason  why  elevated  stress  affects  (esp.  non-emotional)
emory  functioning:  it  has  been  shown  in  animals  that  stress
auses  structural  changes  in  the  hippocampus,  e.g.  via  glu-
amate  blockage54 which  causes  long-term  depression  of
ynapses  situated  in  this  region,  as  well  as  impairing  their
ong-term  potentiation.55 In  this  respect  it  is  interesting
o  note  that  patient  demonstrated  deficits  with  respect  to

































matrix  =  128  ×  128.  Twenty-seven  axial  slices  were  acquired
per  volume,  200  volumes  and  2  dummy  scans  per  run.  An
additional  SE-EPI  sequence  was  obtained  in  the  oppositeFunctional  FAS  in  Conversion  Disorder  
The  hypothesis  of  a  dopamine  dysregulation  in  FAS
patients  has  also  been  raised  in  the  context  of  hallucina-
tions  in  schizophrenic  and  bipolar  patients.15,56 The  case
described  by  Reeves  et  al.14 (see  also  Reeves  et  al.15)
switched  language  register  and  underwent  an  accent  change
in  association  with  exacerbations,  which  were  controlled
after  a  pharmacological  treatment  including  the  dopamine
antagonist  olanzapine  (20  mg).
Current  patient  did  not  suffer  schizophrenia,  and  psy-
chotic  symptoms  were  only  mentioned  as  fleeting  symptoms
in  the  history;  but  could  no  longer  be  corroborated  in  psy-
chodiagnostic  testing.  The  (fluctuating)  accent  change  in
relation  to  a  self-perceived  increase  of  stress(ors)  in  this
patient  may  have  caused  subtle  changes  in  neurotransmit-
ter  regulation  that  led  to  symptoms  that  were  reminiscent
of  these  functional  FAS  cases.
Still,  it  seems  clinical  experience,  combined  with  thor-
ough  analysis  of  a  patient’s  antecedents,  cognitive  profile,
psychiatric  characteristics  and  behavioral  abnormalities  is
still  often  judged  insufficient  to  support  the  hypothesis  of
a  psychogenic  or  functional  origin.  Nevertheless,  the  avail-
able  psychodiagnostic  tests  often  lack  the  power  to  allow
for  an  unequivocal  diagnosis.  For  many  FAS  cases  a  for-
mal  diagnosis  as  ‘‘functional’’  has  proven  problematic.  Lee
et  al.  identified  several  characteristics  that  help  to  distin-
guish  functional  and  structural  FAS  cases.57 These  include
previous  motor  disturbances  causing  the  maladaptive  speech
response,  inconsistencies  in  accent  production,  the  adoption
of  unusual  mannerisms  in  speech,  and  the  speech  distur-
bances  being  transient  and  reversible.  In  this  case,  one  can
wonder  whether  motor  disturbance  led  to  the  fall  from  the
stairs  after  which  the  foreign  accent  syndrome  developed.
All  the  other  characteristics  were  present  in  this  case.  In
the  literature,  foreign  accent  syndrome  has  already  been
classified  as,  or  in  conjunction  with  conversion  disorder,  on
several  occasions.13,58,59
The  relation  between  conversion  disorder  and  func-
tional  foreign  accent  syndrome  definitely  warrants  further
exploration  in  research.  The  effects  and  possibilities  for
treatment  also  necessitate  more  in-depth  studies.  In  this
respect,  for  current  patient,  it  is  especially  noteworthy  that
a  large-scale  epidemiological  study  has  shown  that  child-
hood  trauma  does  have  a  negative  impact  on  conversion
disorder  therapy  outcome60 and  it  was  mentioned  earlier
that  patient  claimed  to  not  have  benefited  significantly  from
previous  therapy.  In  a  very  recent  paper  by  Birdsey  and
Millar,61 CBT  was  also  proposed  to  a  woman  suffering  FAS  on
a  psychogenic  basis.  Although  CBT  in  that  case  study  helped
to  reduce  distress  caused  by  the  disorder  as  it  did  for  this
patient,  it  was  not  reported  CBT  helped  to  diminish  the  FAS
and  associated  accent  change  itself.
Conclusion
A  case  of  FAS  is  described  in  which  jargon  speech  was
observed.  Although  an  underlying  mental  disorder,  such
as  schizophrenia,  was  not  formally  objectified  by  psy-
chodiagnostic  tests,  the  atypical  dissociations  within  the
neurolinguistic  manifestations  strongly  indicated  a func-
tional  etiology,  such  as  conversion  disorder.  Fluctuations






tressors.  It  is  concluded  that  the  neurolinguistic  profile,
ymptom  evolution  and  fMRI  results  are  not  suggestive  of
 neurological  disorder,  but  rather  with  a functional  FAS.
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nnex I Acquisition and analysis specifications
or fMRI experiment (Section ‘‘Functional
RI’’)
)  Acquisition
unctional  and  structural  MRI  were  conducted  on  a  3  T  GE
canner  (Discovery  MR750w)  equipped  with  a  standard  24-
hannel  head  coil.  A  BOLD  sensitive  T2*-weighted  single
hot  spin  echo  (SE)  planar  imaging  (EPI)  sequence  (TE/TR:
0/3000  ms;  FA:  90deg)  was  used  resulting  in  voxel  dimen-
ions  of  1.875  ×  1.875  ×  4  mm3 (interleaved)  with  1  mm  gap,eft-right  phase  direction  to  be  used  as  a  fieldmap  to  cor-
ect  the  EPI-distortions.  Three  runs  of  10  min  were  used.  In
ddition,  an  axial  T1-weighted  FSPGR  BRAVO  (176  slices)  was






















































MRI  data  were  unwarped  using  the  top-up  tool
f  fsl1 and  further  analyzed  using  SPM12  software
www.fil.ion.ucl.ac.uk/spm).  After  slice  timing  and  motion
orrection,  the  unwarped  functional  images  were  registered
o  the  T1  weighted  anatomical  dataset.  The  anatomical
mage  was  then  segmented  and  the  forward  deformation
eld  was  used  to  normalize  the  functional  images  to  MNI
Montreal  Neurological  Institute)  space.  The  registered
unctional  data  were  smoothed  spatially  with  a  Gaussian
ernel  with  a  full  width  at  half  maximum  (FWHM)  of
 ×  6  ×  6  mm3.  Eight  conditions  (‘‘pa-ta-ka’’  LC;  ‘‘ta-ta-ta’’
C;  ‘‘pa-ta-ka’’  SC;  ‘‘ta-ta-ta’’  SC;  visual  control  LC  +  SC;
‘pa-ta-ka’’  NC;  ‘‘ta-ta-ta’’  NC;  instructions)  were  modeled
s  separate  regressors  and  combined  with  the  6  movement
egressors  in  the  general  linear  model  (GLM).
Similar  to  Brendel  et  al.,44 the  general  speech  network
as  assessed  by  contrasting  both  LCs  with  the  visual  base-
ine  condition.  An  initial  uncorrected  threshold  of  p  <  0.001
t  the  voxel  level  was  used  to  detect  activations.  Only  clus-
ers  with  more  than  10  voxels  were  included  in  the  table
see  Table  2).  Activations  were  considered  significant  if  the
amily-wise  error  (FWE)  corrected  p-value  was  smaller  than
.001  at  the  cluster  level  and  smaller  than  0.05  at  the  voxel
evel  (see  Fig.  1).
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